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Abstract 
The data gathered by acceleration sensors in smartphones gives different results depending on the 
location of the smartphone. In this paper, a human activity recognition system was proposed, including 
the smartphone’s position. This system can recognize not only the activity of a person, but also the 
location of the smartphone. HOG (Histograms of Oriented Gradients) were used to extract features of 
the acceleration data, because the waveform of the acceleration data is very complex. Then, a strong 
classifier was obtained using a learning algorithm of Real AdaBoost based on the position of possession 
smartphone and acceleration sensor data. It also improves the recognition rate by analyzing the 
acceleration data. The effectiveness of the activity recognition system was shown by the experiment. 
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1. Introduction 
In recent years, products with various functions such as information home appliances and smartphones have 
become widespread with the advance of information communication technology. It is thought to bring a richer 
quality of life for humans with the spread of these products. A smartphone can be used by anyone at any time. 
Also, time and location data of the smartphone is easily obtained. 
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In this study, we focused on the acceleration sensors of smartphones. If one would be able to analyze complex 
acceleration data, it would be possible to develop an Activity Recognition System, using a smartphone. The reason 
for using an acceleration sensor for activity recognition is to obtain information without depending on the 
environment, such as being indoors. If the situation and activity of a user is obtained from acceleration data of the 
smartphone, an ambient network service is made possible. 
In the field of activity recognition, many works have been published. The main means of acquiring data, 
however, were by camera [1] and tracking wearable sensors [2]. Such equipment is expensive, time consuming to 
set up, and limited in its use. Considering activity recognition in different environments and real life conditions, 
smartphones were deemed useful. 
Using Android smartphones, Google Play Services carried out differentiations between standing still, walking, 
cycling, and driving by car [3]. However, the system was very susceptible to the device tilt, limiting practical 
applications [4]. 
In the previous studies, data of the acceleration was often obtained at a fixed position, for example, the 
smartphone is attached to a waist belt, kept in a pocket [5], etc.. However, the position of possessing is various 
when the user is actually using a smartphone, such as in a hand, in a bag, etc. In this paper, the recognition system 
for human activity and location of the smartphone is proposed using the acceleration sensor mounted on the 
smartphone. This system used HOG (Histograms of Oriented Gradients) and Real AdaBoost as learning algorithm. 
HOG (Histograms of Oriented Gradients) were used to express the features of the acceleration data, Real 
AdaBoost was used for feature selection.  
In the following section, a data acquisition system is described. In Section 3, a feature of acceleration data is 
described. Then, a learning system based on Real AdaBoost is described in Section 4. Section 5 shows the results 
of experiment, and Section 6 concludes the paper. 
2. Data acquisition system 
The data acquisition system uses two smartphones, which communicate via Bluetooth to record the activity data 
of both smartphones. The reason this system uses two smartphones is because the phone kept in a pocket cannot 
record the activity data and the acceleration data at the same time. The smartphone kept in the pocket it cannot be 
operated. The GetDataMain records the activity data and the acceleration data while the device is handheld and the 
other system named GetDataClient records the acceleration data in a pocket, in a bag, etc. Then, two smartphones 
communicate via Bluetooth to record the activity data of both smartphones. GetDataMain has a human interface in 
which the situation of the activity is selected as shown in Fig. 1. GetDataClient displays linear acceleration data, 
direction, pitch and roll as shown in Fig. 2. Structure of Data Acquisition System is shown in Fig. 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. GetDataMain.      Fig 2. GetDataClient. 
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Fig 3. Structure of data acquisition. 
 
3. Acceleration data 
The characteristics of data are different by a mobile place even if the same movement is played. The acceleration 
data are acquired in the three dimensions, are displayed with a complicated shape. HOG (Histograms of Oriented 
Gradients)  is used to express the feature of complex acceleration data  
3.1. Analysis of the acceleration data 
It was found that by analyzing the acceleration sensor data, the recognition of activity could be performed by size 
of the acceleration data and the difference in shape of the waveform. The acceleration data changed in a constant 
cycle in the case of walking and running. On the other hand, the acceleration sensor data varies unique in the case of 
riding elevator and train. The waveform of the riding elevator changed the Y-axis direction, because the elevator 
moves up and down. The waveform of the riding train changed the X-axis and Z-axis directions, because the train 
runs parallel to the ground. Then, we focused on the size of the acceleration data. The acceleration data differs 
greatly by varying actions. Acceleration data in the case of running is larger than acceleration data in case of 
walking, which can be used to distinguish running and walking. 
3.2. Feature of acceleration data 
HOG (Histograms of Oriented Gradients) are feature descriptors usually used in computer vision and image 
processing for the purpose of object detection [6]. Also, HOG are useful to express complex shapes.  
The data of the acceleration exists in three-dimensional space and the data of the acceleration is very complex. 
So, it is necessary that HOG features express the acceleration data. Then, it is necessary to calculate the strength of 
the acceleration and direction of the acceleration itself.  
Acceleration data is continuous, so it is necessary to divide the acceleration data for use with machine learning. 
In the case of walking, one cycle means the data line in which the coordinate of the wave approaches the starting 
point. Dividing each cycle of acceleration data creates a cube. This cube is named T-cube. At this time, we 
displayed a black line in the gravity direction to consider the gravity direction of the T-cube. Then, T-cube is rotated 
to fit in the Z-axis direction. These steps were taken into account to account for the gravity direction of the 
acceleration data. After that, the T-cube is divided into 5h5h5 cells (125 cells). The direction of the wave is 
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Fig 4. taking out a vector for 1 cycle from the three-dimensional vector. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 5. 27 directions. 
 
 expressed in 27 directions (26 directions + the centre). The procedure of normalization of the acceleration data is 
shown in Fig. 4, and definition of the 27 directions is shown in Fig. 5.  
4. Learning system based on Real AdaBoost 
The AdaBoosting algorithm was proposed by Freund and Schapire [7]. AdaBoost is a classifier system. Real 
AdaBoost is a variation of the AdaBoost. This application estimates the probability that a given input pattern 
belongs to a class, considering the current weight distribution for the training set. Real AdaBoost can be used for 
feature selection. 
Fig.7 shows a structure of the learning system. At first, the learning system based on Real AdaBoost provides a 
negative data and positive data in each action, which is a learning data. Next, we extract the HOG features from the 
learning data. Then, We create a strong classifier by repeating the four strokes, creation of the histogram, calculating 
the evaluation value, the selection of weak classifiers and update of the weights. Finally, this system performs 
activity recognition using test data. 
5. Experimental results 
Seven types of data were learned as sample data; three activities (walk, running and train) and three positions 
(pocket of trousers, handheld, and in a bag). 3000 samples were acquired for seven types each and were used for 
learning.  Table1 shows the results of the recognition rate for 100 data each.  
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Fig 7. Structure of the learning system. 
 
 
6. Conclusions 
Human activity recognition system was proposed, including carried position of a smartphone, and we obtained 
the acceleration data by developing a data acquisition system. Difference in waveform and size were confirmed to 
differentiate actions by analyzing the acceleration data. HOG were used to express characteristics of acceleration 
data. Real AdaBoost was used to automatically select a set of discriminative HOG with orientation information in 
order to achieve robust detection results.  
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